2 • 2 factorial design with RAC (readily available carbohydrate) levels of 30, 40, 50 and 60%, tallow levels of 0 and 3%, and urea levels of 0 and 2%. Acetic and propionic acid production and ammonia disappearance increased as the level of RAC increased from 30 to 50%. Tallow reduced acetic acid production and increased the amount of propionic acid produced. Urea increased VFA production and ammonia disappearance. There was a tallow • urea interaction for acetic, propionic and butyric acid production as well as for ammonia disappearance. The interactions resulted in a significant decrease in acetic and butyric acid production and ammonia disappearance when tallow and urea were added simultaneously.
Three metabolism studies were conducted to observe the effects of various combinations of tallow and urea as well as the effects of tallow in combination with biuret or cottonseed meal. Data from trial 1 indicated that the addition of urea resulted in higher crude protein digestibility and nitrogen retention. Lambs receiving 3% tallow plus urea retained more nitrogen than lambs receiving 5% tallow plus urea or the negative control. Data from trial 2 indicated that crude protein from urea or biuret was digested and retained more efficiently than that from cottonseed meal when the rations contained 5% tallow. In trial 3, 2.17% urea, in the presence of 5% tallow, resulted in an improved nitrogen balance as compared to rations with 1.5 or 1.16% urea. Digestibility of crude protein was not affected, but plasma urea increased as urea levels increased. In vitro data presented indicate that tallow, in the presence of urea, depresses rumen protein synthesis and energy production from VFA. Metabolism studies indicate that 5% tallow in the presence of 1.5% urea may depress prote!n digestibility and nitrogen retention. Further studies are required to determine the exact nature of urea-tallow interactions. (Key Words: Tallow, Urea, Rumen Fermentation, Digestion, Sheep.)
INTRODUCTION
Urea is widely used as a source of nitrogen and ,;mall amounts of tallow are used as an energy" source in finishing rations for beef cattle, providing the cost is attractive. Several workers (Jones et al., 1961; Bradley et al., 1966 . Thompson et al., 1967 Hatch et al., 1972) have indicated that some combinations of tallow and urea result in interactions which may produce negative effects on gains, as compared to feeding either tallow or urea alone. Thus, further research is required to defin: the nature of the interaction and to determine if it involves rumen fermentation. The 9urpose of this study was to determine if urea and tallow combinations had any effect on nutri,mt digestion in sheep and on in vitro volat.le fatty acid (VFA) production and ammonia disappearance in the presence of different levels of readily available carbohydrate (RAC).
EXPERIMENTAL PROCEDURE
In Vitro Study. The in vitro study was conducted as a 4 • 2 • 2 factorial design. Zero and 2% urea and/or 0 and 3% Animal-poultry fat, heat rendered, mn 90% fatty acid mx 2.5% unsaponifiable matter mx 1% insoluble matter, IRN 4-00-409 (tallow) were incorporated with 30, 40, 50 and 60% RAC. The basal substrate consisted of 11.50% alfalfa hay, 5-6, midbloo:aa, IRN 1-00-063 (alfalfa hay), 37.70% Church (1972) . Pure cellulose (0% RAC) or soluble starch (100% RAC) were used to dilute or fortify the basal substrate to obtain the desired levels of RAC. The substrate was fermented for 18 hr using rumen liquor obtained from a fistulated steer maintained on a 50% grain supplement and 50% alfalfa hay. Thirty milliliters of a 1:3 mixture of rumen liquor to McDougall buffer was added to .5 g of substrate. Each treatment was run in triplicate using large glass test tubes as incubation vessels. The incubation vessels were maintained at 39 C in an incubation oven. Incubation was terminated by adding 2 ml of 1N H2SO4. Appropriate zero time controls were used to correct VFA production and ammonia disappearance. After fermentation, the liquor was filtered through glass wool. VFA's were determined as described by Kutches (1970) , and ammonia was determined using an aeration method described by Hawk et al. (1954) . The caloric value (CV) of gross energy (GE) produced from VFA's was calculated using values given by Blaxter (1962) .
Twelve crossbred yearling wethers were used in a completely randomized design with four animals per treatment. The trials consisted of a 10-day pre-adjustment period, a 14-day adjustment period and a 10-day collection period. During the 10-day pre-adjustment period all lambs received the basal ration. Lambs were fed the assigned rations during the 14-day adjustment period. All rations were fed in a meal form. Lambs were fed at 0600, 1400 and 2000 hr during the pre-adjustment and collection periods. For each trial an initial and final blood sample was taken 2 hr after the morning feeding. The initial sample was taken on day 10 of the adjustment period and the final sample was taken one day after the collection period ended.
Plasma urea nitrogen was determined using Hycel urea nitrogen reagent (Anonymous, 1964) . Total plasma lipid was measul:ed by a modification of the method described by Bligh and Dyer (1959) . Total nitrogen in the feed and feces and total urinary nitrogen were determined as described in A. O.A.C. (1971) . Aciddetergent fiber of the feed and feces were determined using a method described by Van Soest (1963) . Gross energy (GE) in the feed and feces were determined in a Parr oxygen bomb calorimeter. Fat of the feed and feces were determined as described by Figroid et al. (1971) . Metabolism Studies. The metabolism studies consisted of three separate experiments. Trial 1 was designed to study the effects of adding 1.5% urea and either 3 or 5% tallow to a basal ration. Trial 2 was designed to study the effects of 5% tallow in combination with either cottonseed meal, biuret (1.81%) or urea (1.5%) and ,2-trial 3 was designed to study the effects of ,,_ three levels of urea (1.16, 1.50 or 2.17%) in z ,o combination with 5% tallow. The basal diet for all trials (table 3) consisted of 25.0% alfalfa ~ _ hay, 57.5% barley, 510% beet, sugar, molasses, mn 48% invert sugar mn 79.5 degrees brix, IRN 0" 4-00-668 (molasses), 11.5% cottonseeds w some hulls, solv-extd grnd, mn 41% protein mx 14% fiber .5% fat, IRN-5-01-621 (cottonseed meal) and 1.0% limestone, grnd, mn 33% calcium, IRN 6-02-632 (limestone). The amounts of barley, alfalfa hay and limestone were altered % RAC to obtain the desired levels of nutrients for the other rations. The amount of nitrogen supplied by cottonseed meal was replaced by nonprotein nitrogen (NPN) when NPN was included in the rations.
RESULTS AND DISCUSSION
In Vitro Study. There was a RAC • urea interaction. The addition of 2% urea increased Figure 2. The effect of the tallow X urea interaction on acetic acid (C 2), propionic acid (C3) , and butyric acid (C 4) production and on ammonia disappearance (NH 4 ). The bars signify SEM.
(P<.05) acetic acid and propionic acid production at the 30 and 50% levels of RAC, but had no effect at the 40 and 60% RAC levels (figure 1). Two percent urea increased (P<.05) ammonia disappearance at all levels of RAC with the greatest increase occurring at the 50% level. The results of the tallow • urea interaction for acetic, propionic and butyric acid production and ammonia disappearance are shown in figure 2. Two percent urea increased (P<.05) acetic and butyric acid production when compared to the negative control, 3% tallow or 2% urea plus 3% tallow. Two percent urea, 3% tallow and 2% urea plus 3% tallow all increased propionic acid production to the same magnitude when compared to the negative control. The addition of 2% urea increased (P<.05) ammonia disappearance, but the addition of 3% tallow reduced the stimulatory effects of urea. The CV produced from VFA's (figure 3) was higher when 2% urea was added at the 30 and 50% levels of RAC. Also the addition of 3% tallow and 3% tallow plus 2% urea reduced CV produced from VFA's when compared to the addition of 2% urea. The overall effect of urea was to increase CV produced (P<.05) from VFA in the absence of tallow; however, when urea was added in the presence of tallow, CV produced from VFA's was not increased. Means for the main effects are given in ta~ble 1 and data on CV produced from VFA's are given in table 2. Acetic, propionic and butyric acid production and CV produced from VFA's increased (P~.05) as the level of RAC increased from 30 to 50%. Ammonia disappearance was greatest for the 50% level of RAC. Two percent urea increased (P<.05) VFA production and ammonia disappearance. Tallow increased (P<.05) propionic acid production, had no effect on CV produced from VFA's and decreased acetic acid production and ammonia disappearance.
Data from several laboratories (Cottyn et al., 1972; Smith et al., 1968; Nicholson and Sutton, 1971; Robertson and Hawke, 1964) indicated the addition of 2.5 to 5% oil decreased the amount of acetic acid and increased the amount of propionic acid in rumen fluid. Also McDonald et al. (1965) indicated that urea increased VFA concentration in lambs fed semi-purified diets. Hatch et al. (1972) fed low-fiber corn-based diets supplemented with 1.3% urea and found that the addition of 3% fat decreased the quantity of acetic acid and percent butyric acid. These reports support the observed increase in VFA's production when urea was present in the substrate. The increase in propionic acid production and decrease in acetic and butyric acid production are supported by the above reports. (table 5) was highest for the two rations containing urea. Nitrogen retention expressed as a percent of dietary protein was ~i highest (P<.05) for the 3% tallow group followed by 5% tallow and basal groups. When F: comparing the dietary levels of crude protein and percent of dietary nitrogen retained, the results are similar to those reported by Johnson et al. (1942) , although the magnitude of differ-~, ence in nitrogen retained was greater in this "~ study. It would appear that the higher levels of tallow reduced nitrogen retention. Acid-detergent fiber digestion was higher for the basal and 5% tallow groups than for the 3% tallow. The basal group had a lower digestion coefficient for fat than did the 3 or 5% tallow groups and ~" e~ there was no difference between the groups Z receiving tallow 9 The increase in plasma urea < was the same for the two groups receiving urea and both urea groups were higher (P<.05) than 5 the basal group 9 Treatment had no effect on total plasma lipid.
Trial 2. Digestibility of dry matter and crude protein and nitrogen balance as well as percent ~" of dietary nitrogen retained (table 6) were z higher (P<.05) for the two rations containing NPN than for the group receiving cottonseed meal as a nitrogen supplement 9 Sheep receiving Z the urea ration had the greatest increase in plasma urea. Nitrogen source had no effect on total plasma lipid 9 Z Trial 3. Dry matter digestion (table 7) was ~" highest (P<.05) for the group receiving 1.5% Z urea. There was no difference in crude protein U digestibility although several workers (Johnson et al., 1942; Dinning et al., 1949; Putnam et al., 1966) have reported that crude protein digestiw bility and nitrogen retention increased as the level of dietary crude protein increased. Lambs consuming the 2.17% urea ration had a greater m nitrogen retention than lambs receiving 1 9 urea, but percent retention of dietary nitrogen was not different. The level of plasma urea increased as the level of dietary urea increased t~ and treatment had no effect on total plasma lipid. Hatch et al. (1972) also reported an appar-< ent decrease in nitrogen retention and a statis-,6 tical increase in plasma urea when 6% fat was added to rations with 1.5% urea. Bradley et al. (1966) reported a decrease in dry matter and ~" energy digestion, no difference in crude protein digestion and an increase in ether extract digestion when comparing steers fed a low-fiber corn-based ration to steers fed the same rations 5% fat or 5% fat plus 1.5% urea. Thompson et al. (1967) reported a decrease in NPN and non-ammonia NPN in ruminal fluid of steers fed low-fiber corn-based rations containing 5% fat or 5% fat plus 1.5% urea when compared to the steers fed the same ration with 1.5% urea. Davidson and Woods (1958) and Robertson and McKirdy (1964) conducted digestion trials and reported that the addition of oil to finishing rations for lambs and steers decreased organic matter and protein digestion as well as nitrogen retention, but increased ether extract digestion. Grier et al. (1970) fed lambs rations containing corn oil at 0, 2.5 or 5% with 11 or 15% protein and reported that increasing levels of fat decreased nitrogen retention at the 15% protein level. Digestible energy values were not affected by level of fat or protein.
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